Insect and plant-derived miRNAs in greenbug (Schizaphis graminum) and yellow sugarcane aphid (Sipha flava) revealed by deep sequencing
Introduction
MicroRNAs (miRNAs) are a class of small (~22 nucleotide) non-coding RNAs that regulate gene expression in animals, plants, and viruses. MiRNAs were originally discovered in Caenorhabditis elegans in 1993 (Lee et al., 1993) , and thereafter, many more miRNAs were identified in other organisms, such as insects (Asgari and Sullivan, 2010; Asgari, 2013; Ge et al., 2013; Lucas and Raikhel, 2013) and plants (Jones-Rhoades et al., 2006; Kettles et al., 2013) . MiRNAs are known to play important roles in the regulation of gene expression networks (Shukla et al., 2008; Cai et al., 2009) and are involved in a variety of developmental processes (Aravin et al., 2003; Chawla and Sokol, 2011; Mead et al., 2012) . Oral feeding of synthetic miRNA mimics in Helicoverpa armigera induced a 40% increase in larval mortality and a 70% reduction in fecundity, indicating the potential use of miRNAs as agents in integrated pest insect management programs (Jayachandran et al., 2013) . Further, ingestion of plant-derived miRNAs by aphids and other phytophagous insects during feeding has the potential to modulate expression of insect genes, indicating that plants may produce miRNAs that negatively impact insect fitness. While the precise targets of these plant-produced miRNAs have yet to be identified in many cases, evidence for the presence of plant miRNAs in animal small RNA datasets, including those of the pea aphid (Acyrthosiphon pisum), have been previously reported (Zhang et al., 2012b) , confirming that they are ingested during feeding. Additionally, other studies have revealed that exogenous plant-derived miRNA can impact expression of genes and proteins involved herbivore metabolism, revealing the importance of exogenous miRNAs in modulating herbivore-plant interactions and co-evolution (Vaucheret and Chupeau, 2012; Zhang et al., 2012a) . A recent study (Guo et al., 2014) demonstrated that plant-generated artificial small RNAs produced by transgenic Nicotiana tabacum cv. Xanti (tobacco) could significantly reduce the expression of the central nervous system enzyme acetylcholinesterase 2 (AchE2) in Myzus persicae (green peach aphid). Although these data suggest a putative role for miRNAs in mediating insect-plant interactions, the impacts of endogenous plant miRNAs expressed at physiological levels on herbivore gene expression networks and the precise roles of many plant-derived miRNAs in regulating herbivore gene expression still remain unclear at a functional level.
The inventory of miRNAs expressed by insects is aided by the availability of annotated reference genomes (Asgari and Sullivan, 2010; Asgari, 2013; Etebari and Asgari, 2014; Rebijith et al., 2014; Calla and Geib, 2015) . However, miRNAs are generally conserved among closely related insects (Willmann and Poethig, 2007; Nozawa et al., 2010) , suggesting that reference genomes from close relatives could be exploited to annotate and predict miRNAs in insects lacking reference genomes. For example, Ge et al. (2013) were able to successfully identify 97 and 91 miRNAs in H. armigera and Spodoptera litura, respectively, using genomic information from a closely related model insect species, Bombyx mori (Ge et al., 2013) . The greenbug, Schizaphis graminum (Rondani) (GB), and the yellow sugarcane aphid, Sipha flava (Forbes) (YSA), are major insect pests of many cereal crops. More than 70 graminaceous plant species have been reported as hosts for the GB worldwide and large scale agricultural losses have been reported (Blackman and Eastop, 1984) . More recently, Koch et al. (2014) reported that among the four important cereal aphid species, both GB and YSA were able to establish on tetraploid switchgrass (Panicum virgatum L.) populations, indicating their potential as a threat to the sustainable production of switchgrass as a bioenergy crop.
Deep sequencing of small RNAs (for species without draft genome sequences) and computational prediction (for species with sequenced genomes) are two major approaches that have been previously used to identify miRNAs in a number of insects (Mendes et al., 2009) , for example, S. litura and H. armigera (Ge et al., 2013) , B. mori (Jagadeeswaran et al., 2010; Liu et al., 2010) , Mayetiola destructor (Khajuria et al., 2013) , and A. pisum (Sathyamurthy and Swamy, 2009) . In this study, small RNAs (sRNAs) of 17-25 nt in size expressed in both GB feeding on sorghum and YSA feeding on barley were targeted for next-generation sequencing analysis. High quality reads obtained from GB and YSA were mapped to the reference genomes of pea aphid (A. pisum) and their respective plant hosts to identify potential conserved and novel miRNA candidates. The inventory of miRNAs expressed in these two aphid species while feeding on preferred host plants, the detection of plant-derived miRNAs in aphid samples, and the prediction of potential insect target genes of plant-derived miRNAs can be useful in the future to develop new control strategies, such as RNAi.
Material and methods

Aphid species
GBs and YSAs were maintained on preferred hosts, sorghum (Sorghum bicolor) and barley (Hordeum vulgare L.), respectively. Plants were maintained in growth chambers set at 26 ± 1°C and 60 ± 10% relative humidity with photoperiods of 12:12 h (L:D). Approximately 150 living nymphs of each aphid species were collected using a soft eyebrow brush in a 1.5 ml centrifuge tube. Samples were snap frozen in liquid nitrogen and stored at −80°C until RNA extraction. Two replicates of 150 nymphs per aphid species were extracted, sequenced, and used for miRNA identification.
RNA extraction for miRNA preparation
Total RNA was extracted from each pool of GBs and YSAs (~150 aphids per replicate) with Trizol (Invitrogen, Cat. 15596-026) following the manufacturer's instructions. The quality and quantity of the RNA samples were evaluated on 1% agarose gels and using a NanoDrop-1000 spectrophotometer (Thermo Fisher Scientific).
Small RNAs were fractionated from the total RNAs on a 16% TBU gel (16% acrylamide and 42% urea in 0.5X TBE buffer) as described by Ren et al. (2012) . Briefly, 10 μg total RNA (in~10 μl nuclease free water) was mixed with 10 μl 2x formamide (98%) loading dye. Samples were heated at 65°C for 5 min, placed on ice, and briefly centrifuged prior to loading on the gel. An RNA ladder (Zymo Research small-RNA ladder Cat. R1090) was used to determine approximate sizes of the gel-separated RNA. Gels were stained with 1x TBE containing ethidium bromide for 2 min or longer until bands of interest were visible. Gel regions corresponding to an approximate size range between 17 and 30 nt were excised. Small RNAs were extracted from the gel by crushing the gel pieces in 200 μl 0.3 M NaCl followed by incubation overnight at 4°C. The gel mix was passed through Costar Spin-X 0.25 μm filters (Costa Cat.8163), and small RNAs in the supernatant were ethanol precipitated and finally redissolved in 11 μl nuclease free water (Ambion Cat. AM9932). Purified small RNAs were stored at − 80°C prior to sequencing.
Small RNA sequencing
The small RNAs recovered from the 16% acrylamide gel were ligated to Illumina TruSeq Small RNA library adaptors and converted to cDNA via RT-PCR according to the protocol provided in TruSeq Small RNA library preparation kits (Illumina, . PCR products between 145 and 160 nt, consistent with the lengths of miRNAs (~22 nt) ligated to library adapters and barcodes (~125 nt), were gel purified prior to sequencing. The gel portion containing miRNAs was cut and purified as described by Ren et al. (2012) .
All small RNA samples were sequenced on an Illumina/Solexa system (Genome Analyzer II) at the Center for Biotechnology, University of Nebraska at Lincoln, with four samples per lane and 75 bp singleend reads.
Identification of small RNA sequences
Short reads less than 16 nt were discarded using FASTX-Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/index.html). The miRDeep2 package (Friedlander et al., 2012) was used to identify miRNAs. Briefly, identical/redundant reads were collapsed and quantified based on read abundances, and then the unique reads were mapped to the pea aphid genome downloaded from AphidBase (Legeai et al., 2010) using the miRDeep2 mapper module. The remaining reads that did not map to the aphid genome were mapped to the genome of either barley (http://plants.ensembl.org/Hordeum_vulgare/Info/Index) for YSA or sorghum (http://plants.ensembl.org/Sorghum_bicolor/Info/Index) for GB to identify any plant-derived miRNAs that may have been ingested by the aphid. All known miRNAs and precursor miRNAs used as references in the miRDeep2 quantifier module were downloaded from miRBase (version 21, http://www.mirbase.org/). The miRDeep2 module was used to identify novel miRNAs.
Potential target gene identification
To identify potential targets of plant-derived miRNAs, the 3′ UTRs sequences of pea aphid genes were downloaded from the Ensembl database (http://metazoa.ensembl.org/index.html) and compared to the plant-derived miRNAs identified in GBs and YSAs using miRanda John et al., 2004) under default parameters. The entire sequence of aphid transcripts with target matches in miRanda were downloaded from Ensembl and annotations and gene ontology (GO) terms were assigned using Blast2GO (Conesa and Gotz, 2008) . GO terms enriched in the predicted aphid targets of the plant-derived miRNAs were identified using the functional enrichment feature (Fisher's exact analysis) of Blast2GO with the complete inventory of annotated genes from the pea aphid (http://www.aphidbase. com) as a reference. In addition, KEGG (Kanehisa et al., 2014) pathway analysis was also conducted using Blast2GO to reveal which aphid metabolic pathways were potentially targeted by host plant miRNAs.
Validation of miRNA
Validation experiments for miRNAs were conducted with GB and sorghum. Approximately 200 μg of total RNA from GB and sorghum were prepared using Trizol reagent (Invitrogen) following the manufacturer's protocol. The quality and quantity of total RNAs were evaluated on the 1% agarose gel and using a NanoDrop 1000 (Thermo Scientific) respectively, prior to the enrichment of small RNA. For sRNA enrichment, 50 μl of 50% PEG8000 and 50 μl of 5 M NaCl were added to 400 μl (200 μg) RNA, mixed well, and incubated on ice for 2 h followed by centrifugation at 14,000 rpm for 10 min. The supernatant was carefully transferred into a new centrifuge tube while 1/10 volume of 3 M sodium acetate and 2.5 volumes of chilled 100% ethanol were then added for precipitation. Samples were stored at −20°C for 2 h and centrifuged for 20 min at maximum speed. The pellets were washed with 75% ethanol and resuspended in DEPC water for cDNA synthesis.
Four host plant-derived miRNAs, including two novel miRNAs (sbimiR2-3p and sbi-miR3-5p) and two known miRNAs (sbi-miR2927a-5p and osa-miR390-5p), were selected for validation. PCR primers for each miRNA are shown in Table S1 . cDNA synthesis and PCR were conducted as described by Wu et al. (2007) . The small RNA of U6 from sorghum was used an endogenous control. PCR products were evaluated on 10% PAGE gels.
Results
Sequencing results
Approximately 3.8, 5.1, 8.9, and 9.6 million reads were generated for the GB1, GB2, YSA1, and YSA2 samples, respectively (SRA accession number: SRP058100) ( Table 1) . After the identical/redundant reads were quantified and collapsed with miRDeep2, the number of reads was reduced by~75% in both GB and YSA. The remaining 2,244,213 and 4,738,344 reads from the two GB and two YSA samples were used as input for miRNA identification.
The length distribution and nucleotide bias analysis
As indicated in Fig. 1 , 22 nt miRNAs were dominant in both species. MiRNAs of 20 and 21 nt were slightly greater in abundance in the GB samples compared to the YSA samples which had greater abundances of 23 and 24 nt miRNAs. The frequency of the four nucleotides appearing at each position in the 22 nt miRNAs were also analyzed (Fig. 2) . Five positions, 1st, 9th, 10th, 12th, and 20th, were dominated by uracil (U) in GB ( Fig. 2A) , while a bias for U in the 1st, 9th, 12th, 13th, and 17th positions was observed in YSA (Fig. 2B) . In both aphids, the first nucleotide was dominated by U (63% U in GB and 73% in YSA respectively). Table 1 The number of miRNA-sequencing reads generated from GB and YSA samples and mapped to pea aphid hairpin RNAs (SRA accession number: SRP058100).
Species
Raw reads Reads mapped to pea aphid hairpins 
Identification of known and novel miRNA
A total of 72 and 56 reads from GB and YSA were identified as potential miRNAs, respectively (Table 2) . Among them, 59 in GB and 53 in YSA had matches to the pea aphid genome and 48 of the miRNAs were common to both aphid species. The remaining 13 sRNAs from GB and three sRNAs from YSA had no matches to the pea aphid genome.
Among the 48 miRNAs common to both GB and YSA, 45 miRNAs had complete "seed" matches with known miRNAs from 43 miRNA families in miRBase (Table 3) . Of these 45 miRNAs, only seven (13.7%) had "seed" hits with previously characterized miRNAs from pea aphid (A. pisum), while the majority (58.8%) had matches to miRNAs that have been previously characterized in fruit flies (Drosophila melanogaster). Additionally, the corresponding star strand (miRNA*) was detected for 31 out of the 48 miRNAs. In addition, fourteen and eight sequences from GB and YSA respectively which mapped to the pea aphid genome had no matches to miRNAs in miRBase, suggesting that they could be novel aphid-derived miRNAs.
Additional miRBase queries for the miRNA sequences that did not map to the pea aphid genome showed (Table 4) that 13 sequences from GB samples mapped to the sorghum genome while three sequences from YSA mapped to barely. Eight of the 13 sorghum sequences (from GB) ( Table 2) had "seed" matches with previously identified miRNAs from plants, such as S. bicolor (1), Brachypodium distachyon (1), and Oryza sativa (6). The other five putative miRNA sequences from GB and all three miRNA sequences from YSA did not have matches to any known plant miRNAs.
To support the authenticities and confirm the identities of the sequences that did not have matches in miRBase as novel miRNAs, visual examination of the predicted hairpin was performed. A 100 bp region of each potential miRNA precursor sequence obtained from the pea aphid, sorghum, and barley genomes was folded in silico into secondary structures for miRNAs unique to GB (Fig. 3A) , unique to YSA (Fig. 3B) , common to both GB and YSA (Fig. 3C ), unique to sorghum (Fig. 4A) , and unique to barley (Fig. 4B) . The hairpin structure was formed based on the complementarity of two regions from a single stranded nucleotide sequence. The region highlighted in red corresponds to the mature miRNA while the region in purple or blue signifies the miRNA*. The orange portion within the loop is formed by the unpaired region.
In total, 19 putative novel miRNAs from GB samples ( Fig. 3A and C, Fig. 4A ) and 11 from YSA samples ( Fig. 3B and C, Fig. 4B ) were identified ( Table 5) . Fourteen of 19 and eight of 11 miRNAs were predicted to originate from GB and YSA, respectively (Table 2) , while five miRNAs from GB and three miRNAs from YSA were predicted to originate from the host plants, sorghum and barely, accordingly (Table 4) . Of the novel aphid derived miRNAs, three (sgr-miR-12-5p to sfl-miR-6-5p, sgrmiR-13-3p to sfl-miR-7-3p, and sgr-miR-14-5 to sfl-miR-8-5p) were shared between the two aphid species. The miRNA* was also detected for two of the three shared miRNAs. For GB, seven out of 14 novel miRNAs had few to no reads derived from the miRNA*s, while miRNA* was detected in low to no abundance in five of the eight novel miRNAs identified from the YSA samples. The low abundances of the star strand for these sequences support their classification as novel miRNAs (Calla and Geib, 2015) . Additionally, miRNA* was not detected for any of the known or novel plant-derived miRNAs from the GB and YSA samples. The higher expression levels of the mature miRNA compared to the star strand provide further evidence that these novel miRNAs are likely to be genuine.
Prediction of possible host plant miRNAs targets in aphids
Genome sequences are not currently available for YSA and GB; therefore, the genome of a model aphid species, the pea aphid, was used to search for potential target genes of the plant-derived miRNAs identified in this study. In case of the 13 sorghum-derived candidate miRNAs identified in GB, a total of 16,549 potential targets were identified in the pea aphid genome. Of these targets, 11,172 were from eight of the known miRNAs and the remaining 5377 targets were from the five novel miRNAs. The number of potential targets for each miRNAs varied considerably, ranging from 314 to 4225. Similar comparisons in barley identified a total of 8943 targets for the three novel miRNAs identified in YSA, with at least 2450 genes potentially targeted by each barley miRNA. The large number of putative targets identified is because perfect complementarity of only six nucleotides in the seed region has been previously shown to be sufficient to induce RNA knockdown and/or silencing in mammals (Lewis et al., 2005) .
In total, 27 GO terms were enriched in the putative targets of two barley miRNAs (Tables S2-S3 ) and 185 GO terms were enriched in the putative targets of the four known (Tables S4-S7 ) and three novel (Tables S8-S10) sorghum miRNAs. No enriched GO terms were detected in the remaining six miRNAs from sorghum and one miRNA from barley. GO term enrichment analysis demonstrated that each sorghum and barely miRNA potentially targeted genes involved in different networks in GB and YSA, respectively, (Tables S2-S10 ). In contrast, only three GO terms were found to be under-represented in the putative GB and YSA targets of the sorghum and barley-derived miRNAs: GO: 0005198 (related to structural molecule activity) targeted by a novel miRNA (hvumiR-3-3p) from barley, and GO: 0003824 (related to catalytic activity) and GO: 0006259 (related to DNA metabolic process) targeted by known miRNAs (sbi-miR6230-3p and sbi-miR2927b-5p) from sorghum.
Additionally, KEGG metabolic pathway analysis revealed that genes targeted by some host plant-driven miRNAs, such as sbi-miR1-3p, sbimiR2-3p, sbi-miR3-5p, sbi-miR396-5p, sbi-miR3905p, and hvu-miR2-5p, were likely involved in detoxification, such as metabolism of xenobiotics by P450s (Table 6 ). Genes involved in digestive physiology were also potentially targeted by plant-derived miRNAs, including several genes participating in starch and sucrose metabolism, which were putative targets of sbi-miR3-5p, sbi-miR4-5p, sbi-miR5076-5p, sbimiR6230-3p, sbi-miR516-3p3, sbi-miR390-5p, sbi-miR166-3p, hvumiR2-5p, and hvu-miR3-3p.
Validation of novel and known miRNAs
The RT-PCR results for the validation of miRNAs are shown in Fig. 5 . All four miRNAs tested, two novel miRNAs (sbi-miR1-3p and sbi-miR2-3p) and two known miRNAs (sbi-miR2927a-5p and osa-miR390-5p), were successfully amplified from samples of sorghum and GB separately, essentially confirming their expression in sorghum and their presence in GB samples.
Discussion
miRNAs from GB and YSA
In this study, deep sequencing was applied to identify miRNA candidates in two aphid species, GB and YSA, which both lack genomic information but are important pests of many cultivated grass species (e.g., the bioenergy crops sorghum and switchgrass) (Koch et al., 2014) . MiRNA reads were mapped to the pea aphid genome (A. pisum), leading to the identification of 72 and 56 miRNAs in GB and YSA, respectively. High levels of sequence similarity between miRNAs identified in GB and YSA to previously identified miRNAs from other insect species, such as Drosophila melanogastar, Anopheles gambiae, Apis mellifera, B. mori, and Tribolium castaneum (http://www.mirbase.org/), strongly suggests that these could be functional miRNA molecules. The identification of the miRNA* strand for over 70% of the miRNAs detected in this study and the lower abundances of the miRNA* strand compared to the guide strand would further confirm that the discovery pipeline was robust in identifying miRNAs in the GB and YSA datasets. During miRNA processing, a miRNA:miRNA* duplex is produced first, and ultimately the miRNA* star strand is degraded while the miRNA strand (guide strand) guides the RNA induced silencing complex (RISC) to interact with the target RNA (Asgari, 2013) . More candidate miRNAs were identified in GB than in YSA. This difference does not seem to be related to differences in sequencing depth or quality because YSA had more high quality reads (defined as reads with mean quality scores above 30) than GB. However, a slight difference in the proportion of mapped reads was observed between GB and YSA. For instance, nearly 10% more reads from GB could be mapped to the pea aphid genome as compared to YSA, indicating that sequence variations between miRNA reads and the reference genome used for mapping can impede miRNA identification. This finding also indicates that certain miRNAs are likely species-specific, even among closely related species.
Length distribution of miRNAs and miRNA*
The length distribution of miRNAs identified in this study further revealed the diversity and heterogeneity of small RNAs in both aphid species. In miRNAs, the region between the 2nd and 7th nucleotides is known as the "seed" region and plays key roles in the interaction of miRNAs with their targets (Lewis et al., 2003 (Lewis et al., , 2005 . A previous analysis of miRNAs identified in H. armigera and S. litura (Ge et al., 2013 ) revealed no major over-or under-representation of the U nucleotide in the 'seed' region between positions 2 and 7. No major biases were observed in our study, confirming the conservation of this region in GB and YSA and among other insect species in general.
Except for the mature miRNAs identified, the identification of corresponding star strand (miRNA*) was detected ( Table 3 ), indicating that these miRNA* might be afford potential opportunities contributing to the regulation of networks of genes (Guo and Lu, 2010) . 
Plant-derived miRNAs
Plant-derived miRNAs have been previously detected in several organisms including insects (Griffiths-Jones et al., 2008; Zhang et al., 2012b) . Although these could be "contamination" derived from the plants consumed by these organisms, exogenous dietary plant miRNAs have been found in herbivores (Witwer et al., 2013) that are capable of regulating gene expression in mammals (Vaucheret and Chupeau, 2012; Zhang et al., 2012a) . In this study we identified host plant-derived miRNAs in aphids, which provides additional evidence for the existence of consumed exogenous miRNAs in herbivores. Several GO terms were commonly enriched in the putative target genes of barley and sorghum miRNAs, suggesting that they may also target common genes and metabolic pathways. For example, the putative common aphid gene targets of the sorghum and barely miRNAs consist of genes involved in cell signaling/cell-cell communications and central nervous system (CNS) development, indicating that plants may be capable of disrupting or modifying signal transduction cascades and interfering with the CNS to negatively impact aphid fitness. Other common predicted targets of plant-derived miRNAs included genes involved in cell development, morphogenesis, and reproduction.
Both aphids also feed predominately on phloem sap, and similarities and dissimilarities in phloem contents of different plants can be expected. Potentially, this could explain the findings of similar and unique 
Table 6
The metabolic pathways of detoxification and nutrient utilization involving the target genes of host plant miRNAs.
miRNA ID KEGG pathway sbi-miR1-3p, sbi-miR2-3p and sbi-miR3-5p, sbi-miR390-5p, sbi-miR-396-5p and hvu-miR-3-3p Drug-metabolism-other enzymes (00983*) sbi-miR1-3p, sbi-miR2-3p and sbi-miR3-5p and sbi-miR390-5p
Drug metabolism-P450 (00982*) sbi-miR1-3p, sbi-miR2-3p and sbi-miR3-5p and sbi-miR396-5p
Metabolism of xenobiotics by P450 (00980*) hvu-miR2-5p
Streptomycin biosynthesis (00521*) hvu-miR2-5p
Nicotinate & nicotinamide metabolism (00760*) sbi-miR5-5p, sbi-miR6230-3p, sbi-miR5163-3p, sbi-miR396-5p, sbi-miR2927-5p, hvu-miR2-5p and hvu-miR3-3p
Butanoate (Butyrate) metabolism (00650*) sbi-mi3-5p, sbi-miR4-5p, sbi-miR50765p, sbi-miR6230-3p, sbi-miR51633p, sbi-miR390-5p, sbi-miR166-3p, hvu-miR2-5p and hvu-miR3-3p
Starch & sucrose metabolism (00500*) plant-derived miRNA in GB and YSA samples. However, these initial findings will need to be validated in broader trials to more fully characterize aphid-plant interactions at the miRNA level.
Validation of miRNAs
Validation of a subset of the miRNAs via RT-PCR provided evidence that the miRNA identified through deep sequencing were expressed by sorghum and present in GBs, confirming that these plant-derived miRNAs are likely encountered and ingested during feedings.
Potential interaction between aphids and plant-derived miRNAs at molecular level
In this study, about 16,549 and 8943 genes with miRNAs (novel plant miRNA only) target sites in GB in YSA respectively were detected. These genes appeared to be involved in many important phases of insect growth and development, including drug-metabolism (Table 6) . However, the impacts of exogenous plant miRNAs expressed at physiological levels on herbivore gene expression networks and precise roles of many plant-derived miRNAs in regulating of herbivore gene expression still needs to be clarified at a functional level. Nevertheless, finding of these plant miRNAs suggest that it could be possible to exploit plantderived miRNAs to defend against these two aphid pests in the future. As examples, it has been demonstrated that target genes such as AchE2 in aphid (M. persicaeaphids) (Guo et al., 2014 ) and a trypsinlike gene in cotton bollworm (Jayachandran et al., 2013) can be negatively regulated once exposed to Nicotiana tabacum cv. Xanti (tobacco) expressing artificial-small RNAs and miRNA mimics respectively.
Whereas many reads could not be aligned to the pea aphid genome, suggesting the possibility that additional miRNAs remains undiscovered and could be revealed once genome and transcriptome information becomes available for these two aphid species. The identification of novel miRNAs unique to either GB or YSA or shared between these two aphid species could lead to the future identification of miRNAs that could serve as targets to control cereal aphids (Witkos et al., 2011) .
Supplementary data to this article can be found online at doi:10. 1016/j.gene.2016.11.014.
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